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The venome of Phoneutria nigriventer  spider has been shown to have side effects 
including severe painful erections that last for hours. PnTx2-6, a toxin from P. nigriventer 
spider venom, modulates voltage gated Na+ channels and activation of nitric oxide (NO) 
production. NO is essential for the regulation of blood flow and pressure. Therefore, 
PnTx2-6 is expected to be effective not only for erectile dysfunction but also for 
cardiovascular diseases. A previously has reported cDNA clone for PnTx2-6 toxin, which 
was expressed in E. coli cytoplasm. We created the same clone and expressed it in a 
bacterial expression system. PnTx2-6 increased the genes expression of superoxide 
dismutase 1, glutathione peroxidase 1, and sulfiredoxin 1. We hypothesized that 
recombinant PnTx2-6 may indirectly regulate blood flow and pressure, resulting in NO 
production in human umbilical vein endothelial cells (HUVEC). These data suggest 
differential regulation of the vascular ageing process, which may contribute to the 
anatomic heterogeneity of atherosclerosis. The results of this study may be used for the 
emergency treatment of sudden cardiovascular disease caused by ageing.
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Introduction

The spider Phoneutria nigriventer-, also known as the 
armed spider or banana spider is native to South and Central 
America. P. nigriventer spider bite is known to cause intense 
pain, sudoresis, agitation, salivation, tachycardia, cardiac 
arrhythmia, and priapism (Cordeiro et al., 1992; Schenberg 
and Lima, 1996; Torres et al., 2010; Viral Brazil et al., 1987). 
The venom of P. nigriventer spider has been shown to induce 
side effects, including severe painful erections that last for 

hours. PnTx2-6, a toxin from P. nigriventer spider venom, 
modulates voltage gated Na

+
 channels and activation of nitric 

oxide (NO) production. PnTx2-6 comprise a signal peptide, 
Glu-rich region, and mature toxin of 48 amino acids (Nunes et 
al., 2010; Torres et al., 2010). Studies have demonstrated that 
intravenous or subcutaneous injection of PnTx2-6 increased 
intracavernosal pressure in anesthetized rats, resulting in 
improved erectile function and complete normalization of the 
severe erectile dysfunction (ED) (Jung et al., 2014; Nunes et 
al., 2010; Torres et al., 2010).
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HUVEC cell culture

HUVECs were obtained from ThermoFisher Scientific 
Inc. (Waltham, MA, USA). The cells were cultured in media 
supplemented with low serum growth supplement (ThermoFisher 
Scientific Inc), 100 units/ml penicillin, and 100 μg/ml 
streptomycin in a humidified chamber at 37°C in a 5% CO2 and 
95% air atmosphere. The cells were cultured in T75 flasks and 
12-well tissue culture plate and treated with recombinant PnTx2-
6 protein for additional 24 h.

synthesis of cDNA and real-time quantitative 
polymerase chain reaction (qRT-PCR)

Total RNAs were purified from cultured cells using 
TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA, 
USA) according to the manufacturer’s protocol. For first-
strand cDNA synthesis, 2 μg total RNAs were transcribed 
to cDNA using a reverse-transcription system with random 
hexamers (A3500; Promega, Madison, WI, USA) according 

Nitric oxide is the principal mediator of vasodilation in 
blood vessels and deemed essential for the regulation of 
blood flow and pressure (Yoon et al., 2000). It is synthesized 
from L-arginine by the action of NO synthase (NOS); NO is 
known to spread locally into adjacent smooth muscle cells 
of blood vessels and activate guanylate cyclase to increase 
intracellular levels of cGMP (Burnett, 1997; Torres et al., 
2010). Therefore, PnTx2-6 is expected to be effective not 
only for erectile dysfunction but also for cardiovascular 
diseases.

Torres et al have created the putative complementary DNA 
(cDNA) clone for PnTx2-6 toxin from P. nigriventer spider and 
expressed it in the cytoplasm of Escherichia coli. Recombinant 
PnTx2-6 displayed structural and pharmacological properties 
similar to those of the native toxin. In this study, we investigate 
whether PnTx2-6 improves vasodilation in blood vessels in 
human umbilical vein endothelial cells (HUVECs). We created 
the same clone and expressed it in E. coli cytoplasm. Our results 
show that PnTx2-6 increased the genes expression of superoxide 
dismutase 1 (SOD1), glutathione peroxidase 1 (GPX1), and 
sulfiredoxin 1 (SRXN1), suggestive of the role of PnTx2-6 
in indirect regulation of blood flow and pressure through the 
production of NO in HUVEC cells.

Materials and methods

Plasmid DNA construction and recombinant 
protein expression

The 246-bp putative cDNA clone for PnTx2-6 toxin from P. 
nigriventer venom was synthesized by Bioneer Inc., Republic 
of Korea. The 246-bp sequences used is equivalent to that of 
AY054746.1. Plasmid DNA construction was performed as 
previously described (Torres et al., 2010). Briefly, the 147-
bp DNA sequence encoding the mature PnTx2-6 (Fig. 1) 
was amplified by polymerase chain reaction (PCR), using 
specific primer pair. The information of primer sequences was 
provided by Torres et al (2010). The PCR fragments were 
inserted into the pET32c(+) plasmid DNA (Novagen Inc., 
Madison, USA) using 5’-Nco1 and 3’-Xho1restriction enzyme 
sites. Recombinant protein expression and purification were 
performed at AbFrontier Inc. (Seoul, Republic of Korea), as 
previously described (Torres et al., 2010).

Fig. 1. Construction of plasmid DNA expression vector. We 
amplified the mature forms of the 143-bp PnTx2-6 cDNA, followed 
by its insertion into the pET32c(+) plasmid DNA using NcoI and 
XhoI restriction enzyme sites. The PnTx2-6 gene of the cloned 
plasmid DNA was terminated by the stop codon of the vector and 
added 6X-His amino acid tag was added to the 3`-end region. The 
secreted recombinant PnTx2-6 protein was tagged with 6×-His for 
easy detection of the recombinant protein. The resulting plasmid 
was termed as pET32c-SEAN.



40       41

Int. J. Indust. Entomol. 
Vol. 35, No. (1), pp. 39-44 (2017)

Kalapothakis et al., 1998b; Torres et al., 2010). To generate 
the mature form of PnTx2-6 form spider venome, the gene 
was excised as a 147-bp fragment following NcoI/XhoI double 
digestion from the PCR product. The excised fragment was 
inserted into the NcoI/XhoI sites of the pET32c(+) prokaryotic 
expression vector in direct orientation with respect to the T7 
promoter. The resulting plasmid was called pET32c-SEAN 
(Fig. 1).

The pET32c-SEAN plasmid DNA was used to transform 
BL21(DE3)pLysS E. coli. Transformed cells with pET32c-
SEAN plasmid DNA were grown in 500 mL Luria-Bertani 
medium and the protein expression was induced with isopropyl 
β-D-1-thiogalactopyranoside (IPTG) (Torres et al., 2010). To 
protein expression was confirmed by the analysis of cell extract 
under denaturing conditions with sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE). Extracts (cell 
lysate) from induced cultures showed the presence of a protein 
band of approximately 22.5 kDa (Fig. 2-A). Bacterial cell 
lysate containing the recombinant PnTx2-6 fusion protein was 
centrifuged. The supernatant was subjected to separation using 
Ni-nitrilotriacetic acid (NTA) affinity column. Purified products 
containing Trx fusion protein were desalted and cleaved with 
enterokinase (Fig. 2-B). The final recombinant PnTx2-6 protein 
was detected by SDS-PAGE and western blot analysis using 
antibodies against the 6Ⅹhistidine-tag (Fig. 2-C).

We examined the effects of the purified recombinant PnTx2-
6 protein on the expression of genes related to oxidative stress, 
HUVEC cells were treated with hydrogen peroxide (H2O2) 
and recombinant protein extract and the mRNA expression 
of SOD1, GPX1, and SRXN1 measured using qRT-PCR. 
Treatment with the purified recombinant PnTx2-6 protein at 100 
ng concentration significantly increased the expression of genes 
associated with NO production (P < 0.05) as compared with the 
control (Fig. 3-A-C). Reduction in the intracellular calcium level 
of the smooth muscle cells (SMCs) is an important mechanism 
by which NO dilates blood vessels (Torres et al., 2010). The 
released NO stimulated SMCs to relax either directly and/or 
indirectly through the removal of elevated calcium (Van Hove et 
al., 2009). Oxidative stress is an important factor contributing to 
vascular dysfunction and ageing (Barton et al., 1997). Alterations 
in vascular SOD activity may be particularly important for 
endothelial function, as increased oxidative stress contributes to 
endothelial dysfunction (Barton et al., 1997). 

The blood vessel endothelium release several endothelium-

to the manufacturer’s instructions. Real-time qRT-PCR was 
performed on a StepOnePlus real-time PCR system with 
SYBR Premix Ex Master Mix (TAKARA, Japan) using 1 μl 
cDNA in a 20 μl reaction mixture comprising 10 μl Power 
SYBR Green PCR Master Mix, 2 μl primers, and 7 μl PCR-
grade water. The PCR program was as follows: a denaturation 
step at 95°C for 10 min and 40 cycles each of 95°C for 15 s 
and 60°C for 1 min. Quantification of gene expression data 
was performed using the 2

-∆∆CT 
method and the crossing point 

of the target genes with β-actin was calculated using the 
formula 2

-(target gene-β-actin)
 to quantify the relative amounts. The 

sequences of gene-specific primers used (Bioneer, Daejeon, 
Korea) are listed in Table 1.

Statistical analysis

The values are expressed in terms of mean ± standard 
deviation. Student’s t-test was used to evaluate differences 
between the control and recombinant PnTx2-6 protein-treated 
samples. Statistical analyses were performed using the GraphPad 
Prism 5 software (GraphPad Software Inc., San Diego, CA, 
USA). A value of 

*
P < 0.05 was considered to indicate a 

statistically significant difference between values.

Results and Discussion

Analysis of the primary structure of PnTx2-6 polypeptide 
precursors revealed four distinctive segments: signal sequence, 
short glutamate-rich segment, sequence encoding the mature 
protein and, in some cases, additional amino acid residues at 
the C-terminus (Diniz et al., 1993; Kalapothakis et al., 1998a; 

Table 1. PCR primer sequences

Name Sequences (5’ to 3’)

Human β-actin (F) CTTCTACAATGAGCTGCGTG

Human β-actin (R) TCATGAGGTAGTCAGTCAGG

Human SOD-1 (F) TGGTGTGGCCGATGTGTCTA

Human SOD-1 (R) TTCATGGACCACCAGTGTGC

Human GPx-1 (F) AACGATGTTGCCTGGAACTTTG

Human GPx-1 (R) GAAGCGGCGGCTGTACCT

Human SRxN-1 (F) CATCGATGTCCTCTGGATCA

Human SRxN-1 (R) CTGCAAGTCTGGTGTGGATG
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artery disease (Barton et al., 1997). We hypothesized that P. 
nigriventer spider venom is associated with vasodilation in 
cardiovascular diseases. In this study, we investigated the effect 
of the recombinant PnTx2-6 protein on the release of NO, which 
regulates blood pressure and vascular function, and analyzed 

derived relaxing factors such as NO and SOD. These factors 
serve as an important regulator of vascular relaxation. 
Cardiovascular disorders (hypercholesterolemia and 
hypertension), diabetes, and ageing are known impair 
endothelium-dependent relaxation a risk factor for coronary 

Fig. 2. Recombinant protein expression and western blot analysis of PnTx2-6 fusion 6×-His protein. The pET32c-SEAN plasmid DNA was 
used to transform BL21(DE3)pLysS E. coli. Transformed cells were induced with IPTG, harvested, and analyzed with SDS-PAGE. (A) 
Extracts showed the presence of a protein band of approximately 22.5 kDa in the cell lysate. (B) The affinity purified recombinant PnTx2-
6 fusion protein was desalted and cleaved with enterokinase. (C) The final recombinant PnTx2-6 protein was detected by western blot 
technique using antibodies against the His-tag (see Materials and methods). (A) M. protein size marker; 1. Total cell lysate; 2. Supernatant of 
cell lysate; 3. flow through; 4. wash 1; 5-6. wash 2; 7-10. elution 1; 11-14. elution 2; and 15-16. elution 3. (B) M. protein size marker; 1. input; 2. 
flow through; 3-4. wash; and 5-6. elution. (C) M. protein size marker; 1. control 200 ng; 2. input; 3. flow through; 4. wash 1; and 5-6. elution.
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